INTRODUCTION
Human mesenchymal stem cells (MSC), which are first isolated from bone marrow (BM) [1, 2] and subsequently isolated from other tissues such as adipose tissue, cutaneous tissue, fetal hepatic and pulmonary tissue [3] [4] [5] [6] [7] [8] [9] [10] [11] , are pluripotent progenitors for a variety of tissues including bone, cartilage, tendon, fat, and muscle [12] . It has been approved have the capability to support expansion of hematopoietic stem cells (HSC) through expressing cytokines and reconstructing hematopoietic microenvironment [13, 14] . Furthermore, preliminary investigation has revealed that MSC are not immunogenic although weekly expressing class II major histocompatibility complex (MHC-II) [15, 16] . MSC also exhibit immunoregulatory properties, which have a direct immunosuppressive effect on T cell proliferation in vitro, as demonstrated by their ability to suppress the mixed lymphocyte reaction (MLR) [17, 18] . So the MSC are co-transplanted with HSC in order for improving hematopoietic engraftment rate and pace, and ameliorating or preventing graft-versus-host disease (GVHD).
Currently, BM represents the main source of MSC for both experimental and clinical studies. The use of BM derived cells is not always acceptable due to the high degree of viral infection and the significant drop in cell number and proliferate/differentiation capacity with age. Thus, the search for possible alternative MSC sources remains to be necessary. Placenta is composed of vessel, mesenchyma and trophocyte. The genesis of MSC is thought to be mesoderm while the genesis of placenta is extraembryonic mesoderm. In essence, mesoderm and extraembryomic mesoderm are homological. So placenta is considered a new source of MSC [19] .
Cell Research, 15 (7) :539-547, July 2005 | www.cell-research.com Allogeneic transplantation with umbilical cord blood (UCB) in adult recipients is limited mainly by a low CD34 + cell dose and the following GVHD. Placenta and UCB are homogeneous (both are fetal appertaining and extraembryonic mesoderm original), and the adherent cells from placenta as feeder is much better than the stromal cells from BM for UCB expanded in vitro [20] . Our study aimed at isolating and characterizing MSC in human placenta, which would possibly open a new and rich source of MSC for experimental and clinical needs, especial for the transplantation of UCB HSC.
MATERIALS AND METHODS

Isolation and culture of human placental MSC
UCB and fetal placentas (n=24) were collected from normal fullterm pregnancies according to the regulations of the Research Ethics Committee of Beijing Gynecology and Obstetrics Hospital. Loose chorion, amniotic sac, and decidua were removed from the placenta immediately after collection. The placentas were washed extensively with phosphate-buffered saline (PBS) and flushed with perfusate and Iscove's modified Dulbecco medium (IMDM; GIBCO Invitrogen Corp, Paisley, UK, Scotland) supplemented with heparin 12.5 U/ ml, penicillin 50 U/ml, and streptomycin 50 mg/ml through the arterial-vein circuit to eliminate tissue residual blood. The placenta was soaked with 200 to 250 ml of medium for 12 to 24 h at 20ºC to 25ºC. The mononuclear cells (MNC) in the medium were recovered by Percoll density gradient fractionation (<1.073 g/ml, Pharmacia, Piscataway, NJ, USA), washed, and resuspended in Dulbecco's modified Eagle medium-low glucose (DMEM-LG; GIBCO) supplemented with 10% fetal bovine serum (FBS; Lot# 2B203998, Stem Cell Technologies, Vancouver, BC, Canada). After 10 d of culture with 5% CO 2 at 37ºC, individual colonies were isolated and expanded. When the cultures reached approximately 90% monolayer confluence, cells were recovered by using 0.25% trypsin-1 mM EDTA (Sigma Chemical Co, St. Louis, MO, USA) for culture expansion and further identification.
Characterization of culture-expanded human placental MSC
Placental adherent cells were phenotypically characterized by flow cytometry (Becton-Dickinson, San Jose, CA, USA). Fluorescein isothiocyanate (FITC)-conjugated or phycoerythrin (PE) -conjugated antibodies against CD29, CD31, CD34, CD44, HLA-ABC, HLA-DR, CD73, CD166 (PharMingen, San Diego, CA, USA); CD45 (Becton-Dickinson); and CD105 (SEROTEC, Oxford, UK) were used. To detect surface antigens, cells were detached with 0.25% trypsin -1mM EDTA in PBS, washed with PBS containing 2% bovine serum albumin (BSA; Sigma) and 0.1% sodium azide (Sigma), and incubated (30 min at 4ºC) with the respective antibody at a concentration previously established by titration. In each case, 1×10 4 cells were acquired and analyzed by using the Cell Quest software (Becton-Dickinson).
Moreover, human placental adherent cells were analyzed by immunocytochemistry. Cells were fixed in equal volumes of methanol and acetone for 1 min at room temperature, washed with PBS, incubated with 3% hydrogen peroxide (H 2 O 2 ; Sigma-Aldrich, St. Louis, MO, USA), and blocked with 10% normal goat serum at room temperature. Washed cells were incubated with the following primary antibodies: rabbit anti-human laminin polyclonal antibody (Dako, Gostrup, Denmark), mouse anti-α-smooth muscle actin mAb (Sigma-Aldrich), rabbit anti-human fibronectin polyclonal antibody (Sigma-Aldrich), and mouse anti-vimentin McAb (Sigma-Aldrich) at 1:100 dilutions with antibody diluents (Dako) for 30 min at room temperature. Anti-mouse or anti-rabbit peroxidase-conjugated immunoglobulin G antibody (Santa Cruz, CA, USA) was used as a secondary antibody at 1:100 dilution, and 3,3'-diaminobenzidine in chromogen solution (Dako) was applied to the slides, which were counterstained with 0.1% Mayer hematoxylin solution (SigmaAldrich).
Differentiation assay of human placental MSC
Osteogenic differentiation was assessed by incubating the cells with DMEM-high glucose (HG) plus 10% FBS supplemented with 10 -4 mM dexamethasone, 0.5 mM ascorbic acid, and 10 mM β-glycerol phosphate (Sigma) for 2 to 4 w. Osteoblasts were identified by immunocytochemical stain with alkaline phosphatase (ALP). To assess mineralization, deposit calcium in cultures was stained with silver nitrate (Sigma) by the method of von Kossa [21] .
To study adipogenic differentiation potential, cells were cultured as monolayers, allowed to become near confluent, and then incubated with DMEM-HG plus 10% FBS supplemented with 10 -3 mM dexamethasone, 0.5 mM isobutyl methylxanthine, 0.2 mM indomethacin, and 10 µg/ml insulin (Sigma) for 2 w. To demonstrate the presence of adipocytes, cytoplasmic inclusions of neutral lipids were stained with oil-red-O (Sigma) [22] .
Medium with DMEM containing 2.5% FBS, 50 ng/ml transforming growth factor-b1 (Peprotech, London, UK), 50 µg/ml ascorbic acid, 1 mM sodium pyruvate, 6.25 µg/ml bovine insulin, 6.25 µg/ml transferrin, 6.25 µg/ml selenious acid, and 1.25 µg/ml BSA was used for chondrogenic differentiation. Chondrogenic differentiation was performed using the micromass culture technique as previously described [12] . Briefly cells were grown as a pelleted micromass. Under low-speed centrifugation, a dense mass of cells formed at the bottom of the conical centrifuge tube and the cultures were maintained in the chondrogenic medium for 2 w. Alcian blue staining was used to assess the formation of extracellular matrix, which is the mark of chondrogenic differentiation.
Reverse transcription-polymerase chain reaction (RT-PCR)
To further test differentiation of placental MSC in vitro assays, RNA from cells after differentiation was isolated and RT-PCR was used to amplify expressed transcripts from multiple genes whose expression is restricted to the adipocytic (paroxysm proliferation activated receptor gamma 2, PPARγ2), osteocytic (osteopontin, OP) and chondrocytic (type II collagen, collagen II) lineage [12] .
Total RNA was extracted from cultures of the MSC with TRIzol reagent (Gibco Laboratories, Carlsbad, CA, USA), following the manufacturer's instructions. Briefly, removed 2×10
6 harvested cells to a 1.5 ml centrifugal tube and added 1 ml TRIzol reagent. Chloroform and isopropanol were used to extract RNA from lysate. RNA was washed in 1 ml 75% ethanol and dissolved in diethyl pyrocarbonate (DEPC) treated water. RNA was converted to cDNA using oligo-dT primer and AMV reverse transcriptase (Takara, Kyoto, Japan). PCR cycles were optimized for each set of primers (Tab. 1). As the same amount cDNA templates were used to all reactions, in comparison to the β2 microglobulin standard, the expression levels were evaluated. The PCR products were analyzed by electrophoresis on 2% agarose gel containing 1 µg/ml ethidium bromide.
Isolation and culture of UCB lymphocytes and adult peripheral blood (PB) lymphocytes
UCB were collected according to institutional guidelines after the informed consent was obtained from mother. MNC were isolated prior to processing from the cord blood using Ficoll-Hypaque (lymphoprep, 1.077±0.001 g/ml, Pharmacia) density gradient centrifugation. CD34 + cells were purified by utilized positive selection using the direct miniMACS magnetic cell sorting system (Miltenyi Biotec, Germany) according to the manufacturer's instructions and CD34 -cells were collected. Briefly, UCB MNC were incubated for 30 min at 4ºC with human IgG to block the Fc receptors and monoclonal CD34 antibodies directly conjugated with MicroBeads. After being labeled, the cell suspension was passed though a column held within a magnetic field causing CD34 + cells to be retained in the column and unlabeled CD34 -cells to be wash out. CD34 -cells were collected.
PB were collected from healthy adult after the informed consent was obtained. Then MNC were isolated from the heparinized blood by using Ficoll-Hypaque (Lymphoprep, 1.077±0.001 g/ml) density gradient centrifugation and collected from the interface.
The isolated MNC from adult PB and the CD34 -cells from UCB were cultured at RPMI 1640 medium (GIBCO BRL) supplemented with 20% FBS for 24 h to remove monocytes by adherence then the remained UCB lymphocytes and PB lymphocytes were collected and counted for later study.
Lymphocyte transformation test (LTT) and MLR
The MSC from human placenta were irradiated (15 Gy) and plated 24 h ahead co-cultured with lymphocytes. Cell counts and viability were assessed by trypan blue dye exclusion. Responding CB lymphocytes (2×10 5 /well) were cultured in triplicate mixed at different ratios with MSC in flat bottom 96-well plates to ensure efficient cell-cell contact for 4 d in 0.2 ml RPMI 1640 medium (GIBCO BRL) containing 20% heat-inactivated FBS. In mitogen proliferative assays, LTT, responding cells were stimulated by nonspecific mitogenic stimuli, phytohemagglutinin (PHA; Sigma), 2 µg/ml. And in MLR, an equal number of irradiated (30 Gy) PB lymphocytes (2×10 5 per well) were stimulating cells. All the plates were pulsed with 1 µCi/ well 3 H-thymidine during the last 12 h of a four-day culture. Lymphocytes proliferation was evaluated by measuring 3 H-TdR using a liquid scintillation counter. Cells were harvested over fiberglass filters and thymidine uptake quantified with a Microbeta scintillation counter (Beckman). The experiments were repeated at least three times.
Statistics
Results are expressed as mean±SD, and statistical comparisons were performed using the two-sided Student t test. p values less than 0.05 were considered statistically significant.
RESULTS
Adherent, fibroblast-like cells from human placenta
A density gradient was used in the isolation procedure to eliminate unwanted cell types that were present in the placenta perfusate. While plated at a low density (12,000/ cm 2 ), a small percentage isolated from the density interface of 1.073 g/ml, cells were scattering attached (Fig.  1A ) and grew as fibroblastic cells that developed into visible symmetric colonies at about 5 to 7 d after initial plating (Fig. 1B) . Nonadherent cells were removed with changes in medium at 24 to 48 h. In all of the 24 placental samples, various numbers of colonies were harvested. But not all the colonies could form an adherent layer and remain as fibroblast-like cells (Fig. 1C) . In each placenta, the numbers of the colonies which could be readily expanded in vitro by successive cycles of trypsinization, seeding, and culture every 3 d for 15 passages without visible morphologic alteration were listed in Tab. 2. Six randomly selected colonies in different placenta were used for later experiments. 
Immunophenotypic characterization of placental MSC
MSC were analyzed for the expression of various antigens. Like the MSC from BM, these culture-expanded adherent cells were uniformly positive for CD29, CD44, CD73 (SH3, SH4) [23] , CD105 (SH2) [24] , CD166, HLA-ABC (MHC-I molecule), laminin, fibronectin, and vimentin. In contrast, these cells were negative for other markers of the endothelial lineage CD31, the hematopoietic lineage CD34, the leukocyte common antigen CD45 , and HLA-DR (MHC-II molecule), α-smooth muscle actin (Fig. 2) .
All isolated colonies derived MSC maintained a similar phenotype even at passage 15. In addition, cryopreservation did not alter these immunophenotypic features.
Differentiation the human placental MSC into osteocytes, adipocytes and chondrocytes
The differentiation potential of MSC from placenta was tested by culturing cells under conditions that favored BM MSC differentiation into osteocytes, adipocytes and chondrocyte [25] .
Differentiation of the cells into osteoblasts was induced in vitro by treating cells with low concentrations of dexa methasone, ascorbic acid, and β-glycerol phosphate. MSC cultured with osteoinductive medium underwent a dramatic change in cellular morphology from spindle-shaped to cuboidal, which was accompanied by an increase in ALP activity and hydroxyapatite mineral deposition. Fig. 3C . Multiple induction treatments resulted in more than 95% of the cells committing to this lineage, and the lipid vacuoles continued to develop over time, coalesced, and eventually filled the cell. The lipid-rich vacuoles were diagnostic stained with Oil-red-O showed in Fig. 3D .
Chondrogenic differentiation can be induced in vitro using a micromass culture technique in which cellular condensation (a critical first event of chondrogenesis) is duplicated. Enhanced differentiation can be obtained by treating cells with dexamethasone and TGF-β. When cultured with these agents under micromass conditions, MSC formed cell nodules associated with a well-organized ECM rich in sulfated proteoglycans. These sulfated proteoglycans can be specifically detected using Alcian blue staining under acidic conditions. As shown in Fig. 3E and 3F , the MSC nodules cultured in chondrongenic-inductive medium were associated with an Alcian blue positive ECM, indicative of the presence of sulfated proteoglycans in undifferentiated MSC. This suggested that the MSC from human placenta possess the capacity to differentiate toward the chondrogenic lineage.
In agreement with the results of differentiation assays, RT-PCR also demonstrated that the adherent cells displayed corresponding transcriptional expression of PPARγ2, OP, and collagen II under specific adipogenic, osteogenic and chondrogenic inductive cultures, respectively. All these specific genes were assayed by RT-PCR after incubated 1 w with the differentiating medium, while the undifferentiated cultured cells expressed none of them (Fig. 4) .
MSC from human placenta suppress CB lymphocytes proliferation
The immunosuppression effect of the MSC from human placenta on allogeneic adult PB lymphocytes was confirmed first, these cells could suppress PB lymphocytes proliferation stimulated by allogeneic PB lymphocytes and PHA like BM MSC (Fig. 5) .
To test whether the MSC could inhibit a proliferative response by allogeneic CB lymphocytes, CB lymphocytes were cultured with allogeneic MSC at various doses. The effect of MSC on CB lymphocytes in the response was evaluated by mixing MSC and CB lymphocytes in the presence of various stimuli. There was a significant reduction in CB lymphocytes proliferation when mixed cultures of CB lymphocytes stimulated by irradiated allogeneic PB lym- The CB lymphocytes showed a strong proliferation response (mean incorporation of 5721.33±654.91 cpm in MLR; 29428.67±7928.87 cpm in LTT). This could be suppressed in a dose-dependent way by the addition of increasing numbers of placental MSC to the cultures, resulting in a significantly lower response when 1×10 5 MSC were added to the culture system (mean incorporation of 906.00±493.25 cpm in MLR; 3611.33±919.03 cpm in LTT, p<0.01) and a lower response when MPC was 1. 25×10 4 (mean incorporation of 2595.34±176.98 cpm in MLR; 14220.03±1519.88 cpm in LTT, p<0.01), as shown in Fig. 6 and Fig. 7 .
DISCUSSION
In this report, we describe the isolation and characterization of MSC from human placenta and demonstrate that these cells exhibited the capacity to modulate the UCB lymphocytes proliferation by allogeneic and nonspecific stimuli.
MSC have the capability for self-renewal and differentiation into various lineages of mesenchymal tissues. These features of MSC attract much attention from investigators with regard to tissue engineering and cell-based therapies. Despite the fact that BM represents the main available source of MSC, the use of BM derived cells is not always acceptable because of the significant decrease in cell number and proliferation/differentiation capacity with age. In this connection, most attention should be paid to tissues containing cells with higher proliferative potency, capability of differentiation, and low risk of contamination. Placenta is likely a feasible source of MSC for two reasons. First, human placenta, as a castoff, can be obtained easily. Second, during ontogeny, the placenta, which contains a great deal of mesenchyma, is formed from extraembryonic mesoderm. Thus, MSC can be found in placenta.
We have proposed that pluripotent MSC derived from extraembryonic mesoderm, but not recruited to differentiate, may reside in a quiescent state within the placenta throughout gestation. We sought to determine whether recovery and cultivation of the placenta provided an opportunity to recruit and isolate MSC, which would possibly open a new and rich source of MSC for experimental and clinical needs. Our results confirmed this assumption. In this study, we were successfully isolate and identify human placental MSC. After density gradient centrifugation, when cultured placental MNC in medium for MSC, adherent cells were generated. In all of the 24 placental samples, various numbers of colonies were harvested. But the nature of the colonies was not same in all cases, not all the colonies could 17±6.76. Six randomly selected colonies in different placentas were used for later experiments. Lines of evidence indicated that placental MSC we had identified were similar to those present in adult BM. First, their morphological and immunophenotype were similar to those of adult BM MSC, and they were clearly nonhematopoietic markers consistently CD34
-, CD45 -, as reported for adult BM MSC. Like BM MSC, placental MSC also expressed a large number of adhesion molecules, including CD29, CD44 and CD166, specific mesenchymal markers, such as CD105 (SH-2) [24] and CD73 (SH-3,4) [23] , and HLA-ABC positive while HLA-DR negative. Second, human placental MSC had the similar cell cycle and growth characterization with BM-derived MSC, most of the cells were at quiescent phase and could self-renew rapidly. Finally and most important, like adult BM MSC, placental MSC had the ability to differentiate into different tissues. All of the 6 colonies derived cells showed signs of differentiation into osteocytes, adipocytes and chondrocyte when incubated in the induce media for 2-4 w, even after 10 passage in culture.
The data presented here demonstrate that a population of MSC was isolated from placenta of full-term pregnancy similar to those of adult BM derived MSC [25] .These cells were not isolated from UCB of the same donor, thus emphasizing that placental MSC did not originate from the circulation.
Beyond that, we assessed the immunomodulatory capacity of placental MSC, which is important for clinic application. Animal models and in vitro studies showed that MSC is not substantially immunogenic and may actually inhibit both primary and secondary (MLR). Ongoing MLR may be suppressed by adding the responder, stimulator, or intriguingly, third-party MSC [15-17, 26, 27] , correlating well with the peculiar immunophenotypic features of MSC, such as the lack of HLA class II and Tcell costimulatory molecule B7 [28, 29] . Furthermore, an ongoing clinical trial has provided further exciting insight into the function of MSC. Lazarus et al. [30] reported a phase I study of MSC dose escalation that evaluated the cotransplantation of HLA-identical MSC together with either PB-or BM-derived HSC from the same donor in patients with advanced hematologic malignancies. The patients who received coinfusion of allo-MSC along with allo-BM were observed to have no significant toxicities and experienced a reduction of acute and chronic GVHD. Our result demonstrated that (1) culture-expanded placental MSC had an inhibitory effect on CB lymphocytes proliferation triggered by allogeneic PB lymphocytes or PHA; and (2) this effect was dose dependent. Although preliminary, this observation provides additional evidence on the potential immunomodulatory properties of human placental MSC, which may play a major role in the induction of tolerance to allogeneic, especially UCB transplantation. The mechanism underlying placental MSC mediated suppression of T-cell proliferation requires further investigation using appropriate in vivo models. Soluble factors such as TGF-β and hepatic growth factor may play a role in this regulatory effect.
In conclusion, isolation of MSC from human placenta is promising not only in terms of origin but also as a novel microenvironment system with hematopoietic supportive and immunoregulatory features for UCB transplantation.
